Sepsis-induced urinary concentration defect is related to nitric oxide-dependent inactivation of TonEBP/NFAT5, which downregulates renal medullary solute transport proteins and aquaporin-2.
Acute kidney injury associated with reduced urinary concentration is a frequent and severe complication during sepsis. The present study addressed the effect of endotoxemia on the functional and molecular mechanisms that determine urinary concentrating ability. Efficient urinary concentration depends on, amongst other factors, the expression of the Cl channel kidney-specific chloride channel 1 and its subunit Barttin, the urea transporter-A1, and the water channel aquaporin 2, all of which are regulated by the transcription factor TonEBP/NFAT5. Experimental animal and cell culture model. University laboratory. Wistar rats and Madin-Darby canine kidney cells. Rats were injected with lipopolysaccharide (5 mg/kg bodyweight intraperitoneal) or vehicle (phosphate-buffered saline) as control. After 24 hrs, urine, blood, and tissue samples from various kidney zones were analyzed for parameters that determine urinary concentration ability. Madin-Darby canine kidney cells were treated under isotonic or hypertonic conditions with the nitric oxide donor S-nitroso-N-acetylpenicillamine. In rats injected with lipopolysaccharide, urine osmolality was reduced by ~40%, along with medullary induction of inducible nitric oxide synthase and a dramatic increase in urinary nitric oxide degradation products nitrite/nitrate. Concomitantly, expressions of ClC-K1, Barttin, urea transporter-A1, and aquaporin 2 were significantly lower. This was associated with the appearance of S-nitrosylated TonEBP/NFAT5, as monitored by the biotin-switch assay and immunoprecipitation, and reduced TonEBP/NFAT5 DNA binding activity in the renal inner medulla. These results were confirmed in Madin-Darby canine kidney cells transfected with a reporter construct driven by the urea transporter-A promoter, in which the nitric oxide donor S-nitroso-N-acetylpenicillamine reduces urea transporter-A reporter activity under isotonic and hypertonic conditions. The present data demonstrate that lipopolysaccharide increases medullary nitric oxide production by iNOS induction, resulting in impairment of the transcriptional activity of TonEBP/NFAT5 by S-nitrosylation. The consequence thereof is reduced expression of TonEBP/NFAT5 target genes ClC-K1, Barttin, urea transporter-A1, and aquaporin 2 that are required for urinary concentration. Our findings may provide further insight into the molecular mechanisms underlying the urinary concentration defect in sepsis.